2005* 2815B mm 



NO. 6871 P. 28/62 



02) 



UK Patent Application ™,GB ,,,,2306689 ,,3,A 



(43) Pate of A Publication 07.03.1997 



(21 > Application No 
(22) Data of Filing 50.10,1990 



(30> Priority Data 
(31) 07305102 
07354373 
0*140702 



(32) 30.1*1999 
28.12*1999 
10.0&1999 



(33) JP 



(71) ApplfcantW 



fUd 

(Incorporated tn Japan) 

No. 3*0 Nakamagomo 1-chome, Ohte-ku, Tokyo, 
Japan 

Tohoku Rfcoh Company Ltd 
(Incorporated in Japan) 

3-1 Azasbinroeido, Oasanakenomyo, Shibats-mechi, 
, rVDyagJ-kea Japan 



(51) INTCL* 

B41N 1/24 

(52) UK CL (Edition P) 

G2C CHX CHSA5 CH5S3 CH6D1 

(SB) Documents Cited 

GB 217G621 A EP 0647533 A 
EP 0642929 A EP0S9221BA 

(99) Raid of Search 

UK CL (Edition O ) Q2C CHX 
INTCL B41M 



BP 0642930 A 
WO 95/13924 A 



(72) inventors) 

MasayuUObta 



Fumla W An! 
MtrOsniTOtOfiHi 
Maaanori Rimoto 
Htdekt Ono 
Tattoo Taoaka 
YujJNatori 

(74) continued Overleaf 



(54) Heat sensrtlve stencil 

(57) A heat^ensitive stencil comprising a thermoplastic film (3) and a porous resin layer (4) with pores (2) 
and walls <1). The stencil has an air permeability from 1,0 to 1 57 cmfym 2 ^ when the thermoplastic resin 
film of the portion fe perforated to provide an open ratio SJS p of at least 0.2, wherein S 0 represents the area o\ 
the perforations and S 0 represents the total area- The film is preferably 0.5 to 10u;m thick and the layer 
preferably has pores of diameter 2 to 60*un and a thickness of 5 to IQOjtm and there is preferably a backing 
layer of a silicone resin and an antistatic agent. The heat-sensitive stencil is prepared by applying to the film a 
coating liquid containing the resin and a mixture of a good solvent and a poor solvent less vaponzable than 
the good solvent and drying so that the porous resin layer is formed. Alternatively, the resin is dissolved in the 
good solvent and the coating liquid applied to the film end then sprayed with the bad solvent to form the 
porous layer or drying. 
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Title of the Invention 
HEAT-SENSITIVE STENCIL AND METHOD OS" FABRICATING SAME 

Background of the Invention 
5 This invention relates to a heat-sensitive ster.cil 

and to a method of fabricating same. 

One known heat-sensitive stencil is composed of an 
ink-permeable thin paper serving as an ink support and a 
thermoplastic resin film bonded with an adhesive to the 

10 support. The stencil is heated imagewise by, for example, a 

thermal head to perforate the heated portions of the 
thermoplastic resin film, thereby obtaining a printing master 
for reproducing images by mimeographic printing. The 
conventional stencil, however, poses problems because (1) the 

15 adhesive tends to be accumulated in interstices between 

. fibers to form "fins" which prevent the thermal perforation 
during the master forming step and the passage of an ink 
during the printing step, (2) the fibers per se prevent 
smooth passage of an ink and (3) the paper support is 

20 relatively expensive. 

To cope with the above problems, JP-A-54- 33117 
proposes a stencil having no paper support and composed 
substantially only of a thermoplastic resin film, while this 
stencil can completely solve the above-mentioned problems, a 

25 new serious problem arises; i.e. it is necessary to 

significantly increase the thickness of the stencil in order 
to obtain satisfactory stiffness required for transferring 
the stencil master during printing stage. An increase of the 
thickness results in the lowering of the thermal sensitivity. 

30 -?-A e:-lSS45S discloses a method of fabricating a 

stencil wherein a multiplicity of closed patterns such as 
circular patterns are formed by gravure printing of a 
radiation-curable heat-resisting resin cn a thermoplastic 
resin film, followed by curing. Sir.=e this method 

35 unavoidably gives patterns have a thickness of 50 urn or more, 



'BAD ORIGINAL 



2005$ 2A15B mm 



NO. 6871 P. 35/62 



- 2 - 



10 



the formation of perforations with a thermal head is not 
easy. Further, ink stains are apt to be formed on prints 
obtained using such a stencil master. 

Summary of the Invention 
It is, therefore, an object of the present 
invention to provide a heat-sensitive stencil having 
satisfactory stiffness and excellent sensitivity to thermal 

perforation. 

Another object of the present invention is to 
provide a heat-sensitive stencil without an adhesive and 
paper. 

It is a further object of the present invention to 
provide a heat- sensitive stencil of the above-mentioned type 
13 which can give a printing master capable of producing 

uniform, dear printings even with a small amount of an ink. 

It is yet a further object of the present invention 
to provide a heat-sensitive stencil of the above-mentioned 
type which can give a printing master capable of producing 
20 printed images free of ink blurs and stains. 

It is a further object of the present invention to 
provide a method which can easily fabricate a heat-sensitive 
stencil. 

In accomplishing the foregoing objects, there is 
23 provided in accordance with one aspect of the present 

invention a heat-sensitive stencil comprising a thermoplastic 
resin film, and a porous resin layer formed thereon, said 
stencil having an air permeability in the range of 1.0 
cm-/cm--sec to 157 cmVcm-'sec in a portion thereof when said 
thernctlastic resin film of said portion is perforated to 
form perforations providing an open ratio s 0 /S P of at least 
0.2. vherein S : represents a tttai area of said perforations 
and s ? represents the area of said portion. 

The provision of the porous layer can i-.part 
33 satisfactory staffness to the stencil without adversely 
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affecting the sensitivity to perforation thereof. 

The air permeability of a printing master has been 
found to represent the ink permeability thereof. An air 
permeability of a printing master of below 1.0 cmVcm 2 -sec 
5 even with an cpen ratio S 0 /S ? of 1.0 neans that the porous 

resin layer has a low porosity and that the master has poor 
ink permeability, on the other hand, an air permeability an 
excess of 157 cm s /cm : -sec means that the porous resin layer 
has poor ink retentivity so that stains and blurs are apt to 
10 be formed. 

in another aspect, the present invention provides a 
method of preparing a heat-sensitive stencil, comprising the 
steps of: 

(a) dissolving a resin in a mixed solvent including 
15 a first solvent capable of dissolving said resin, and a 

second solvent substantially incapable of dissolving said 
resin and having an evaporation rate lower than that of said 
first solvent, thereby to obtain a coating liquid; 

(bj applying said coating liquid over a surface of 
20 a thermoplastic resin film to form a resin coating; and 

(c) heating said resin coating to dryness. 
The present invention also provides a method of 
preparing a heat-sensitive stencil, comprising the steps of: 
(a) applying a solution of a resin in a first 
25 solvent over a surface of a thermoplastic resin film to form 

a wet resin coating over said surface; 

<b) spraying vapors or fine droplets of a second 
solvent substantially incapable of dissolving said resin over 
said wet resin coating so that said second solvent is taken 
30 into said wet resin coating to cause a portion of said resin 

to precipitate; and 

(c* heating said resin coating to dryness. 



35 



srief Description of the Drawings 
Other objects, features and advantages of the 
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present invention will become apparent from the ^tailed 
description of the preferred embodiment* of the invention 
which follow-, when centered in light of the accompanying 
drawee, in which: ^ microphotog£apb of a porous 

resir- layer of a heat- sensitive stencil according to the 

present invention; 

Fig. 2 is * sectional view schematically 
illustrating a heat-sensitive stencil according to the 

10 present invention; 

tiq 3 is a sectional view schematically 
illustrating a state of a heat-sensitive stencil according to 
the present invention «here perforations have 

Figs. 4 end 5 are enlarged view schematically 
illustrating the openings in the surfaces of *"™^ VC 
sc.n-ils prepared in Examples 1 and 10, respectively; and 
* % ± g. e ia a graph showing a relationship between 

image density and flexural rigidity of heat-sensitive 
stencils according to the present invention. 

20 nulled Descr ^tion of the Preferred 

pediments of the invention 
The heat-sensitive stencil according to the present 
invention has a porous resin layer serving as « " ™»«" 
25 and formed on a thermoplastic resin film. The stencil xs 

adapted show an air permeability in the range of 1.0 
cmV-m*-sec to 157 cmVcm^sec, preferably 10 cmVcm'-sec to 80 
in a portion thereof when the thermoplastic resin 

film of that portion is perforated to ^r^r« 

c '< e* at "east 0.2, where. n s. 
... -^3---d--3 an open ratio S : /S} c « -««■ 

* 5 9 , nf thB perforations and s ? represents 

represents a total area of the perrorau 

the area the pcrticn. , . 

The air permeability may be measured in the 

. „ uftra sc -iid pattern {black pattern- 
fcllswir-g manner. ~ square sc.ia f ^ V, 

25 with a size of 10 x 10 cm is read by a printer VT 
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3820 manufactured by Ricoh Company/ Ltd.) and a sample 
stencil is perforated with a thermal head in accordance with 
the read out pattern to form a printing master. The 
perforation operations are performed for five similar samples 
so that five printing masters having open ratios S 5 /s ? of 
about 0.2, 0.35, 0.50, 0.65 and 0.80 are obtained. The open 
ratio of a master may be measured by making a photomicrograph 
{magnification: 100) thereof. The photomicrograph is then 
magnification-copied (magnifying ratio: 200) using a copying 
machine {IMAGIO MP530 manufactured by Ricoh company, Ltd.). 
Perforations shown in the copy are marked on an OHP film and 
then read by a scanner (300 DPI, 256 gradient). This is 
binarized with an image retouch software Adobe Photoshop 
2. 5 J. The open ratio of the perforations is measured using 
an image analysis software NIH IMAGE. The perforatad portion 
of each of the printing masters is measured for the air 
permeability thereof by any conventional method. When at 
least one of the five masters has an air permeability in the 
range of 1.0 cmVcm'-sec to X57 cmVcm'-sec, the stencil is 
regarded as falling within the scope of the present 
invention. 

Pig. 1 is an electron microphotograph of an example 
of a porous resin layer. A plurality of pores of an open 
cellular structure are present. Fig- 2 is a sectional view 
schematically illustrating one embodiment of a stencil 
according to the present invention. Designated as 3 is a 
thermoplastic resin film on which a porous resin layer 4 
having pores 2 defined by resin walls 1 is formed. 

The porous layer 4 preferably has an average pore 
diameter of 2-50 U m, more preferably 5-30 u*, for reasons or 
proper ink permeability. 

It i a preferred that the total area Sp of the 
openings of the porous resin layer 4 having an equivalent 
diameter of at least 5 um, preferably 5-50 um, be 4-80 
more preferably 10-60 %, of a total area 3 of the surface of 
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the porous resin layer 4 fox reason* of proper ink passage 
therethrough and proper capability of the formation of 
perforations. The term -openings" herein refers to pores 2 
exposed to a surface of the layer 4 and the term "equivalent: 
diameter" refers to a diameter sf a circle having the sar„* 
area as that of the corresponding "opening". The total area 
of the openings may be measured from an electron 
microphotograph (magnification: 1,000) of the surface of the 
porous layer 4. The photograph is processed by an image 
processor (IA-555P manufactured by Pierce me.) for 
determining the diameter of the circle corresponding to the 
opening. 

it is also preferred that the total area of the 
openings having an equivalent diameter of at least 5 urn, 
preferably 5-50 urn, is at least 50 % of a total area of the 
openings for reasons of proper ink passage therethrough and 
proper capability of the formation of perforations. 

The porous resin layer 4 preferably has a thickness 
of 5-100 um, more preferably 6-50 um, for reasons of proper 
20 stiffness of the stencil and proper ink transference. The 

density of the porous resin layer 4 is preferably 0.01-1 
g/cm 1 , more preferably 0.1-0.7 g/cm\ for reasons of proper 
stiffness and mechanical strengths. 

For reasons of proper transferability of the 
25 printing master in the printer, it is preferred that the 

stencil has a flexural rigidity of S-200 mN, more preferably 
10-50 mN, when measured with a Lorentzen Stiffness Tester. 

Any resin may be used for the formation of the 
porous layer 4. Illustrative of suitable resins of the 
porous layer 4 are a vinyl resin such as poly 'vinyl 
chloride) , poly (vinyl butyral), vinyl chloride-vinyl acetate 
copolymer, vinyl chloride-vinylidene chloride copolymer cr 
vinyl" chloride-acrylonitrile copolymer; a polyamide such as 
nylon; polybutylene; poiyphenylene oxide; 'meth) acrylic 
ester; polycarbonate; or a cellulose derivative such as 
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acetylcellulose, aeetylbutylcellulose or 

aeetylpropylcellulose. These resins may be used singly or in 
combination of two or more. It is preferred that the porous 
resin layer 4 contain a resin capable of softening at a 
temperature at which the perforation by a thermal head is 
carried out, generally at a temperature ef :53°C or less, for 
reasons of facilitating the perforation of the thermoplastic 

resin film 3. 

•the porous resin layer 4 can contain one or more 
additives such as a filler, an antistatic agent, a stick- 
preventing agent, a surfactant, an antiseptic agent and an 
antif earning agent. Addition of a filler to the porous resin 
layer 4 is desirable to control the strength, stiffness and 
the size of pores thereof. Use of a filler in the form of 
15 needles or plates is particularly preferred. Illustrative of 

suitable fillers are needle-like natural mineral fillers such 
as magnesium silicate, sepiolite, potassium titanate, 
wollastonite, zonolite and gypsum fiber; needle-like 
synthetic mineral fillers such as non-oxide-type needle 
20 whiskers, oxide whiskers and mixed oxide whiskers; platy 

fillers such as mica, glass flakes and talk; and pigments 
such as poly (vinyl chloride) particles, poly (vinyl acetate) 
particles, polymethyl acrylate particles, zinc oxide, 
titania, calcium carbonate and microcapsules (e.g. Matsumoto 
25 Microsphere) . The filler is generally used in an amount of 

8-20 % based on the weight of the resin of the porous resin 
layer. 

Any thermoplastic resin conventionally used in 
heat-sensitive stencil master may be used fcr the film 3. 

30 illustrative of suitable thermoplastic resir.s are vinyl 

chloride-vinylidene chloride copolymers, polypropylene and 
polyesters. A polyester film having melting energy of 3-11 
cal/g (JP-A-62-149496) , a polyester film having a degree of 
crystallization of 30 * or less ( JP-A-62-2BZ r=3) and a 

35 polyester film containing at least 5: roel* cf bury lone 
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terephthalate units ( JP-A-2-156391) are particularly 
preferred because they permit perforation with a low energy. 
The thermoplastic resin film 3 preferably has a *hictoess of 
0.5-10 um, more preferably 1-5 urn for reasons of easiness .n 
formation of the porous layer 4 thereon and in formation e. 

perforations. 

If desired, the thermoplastic resin xayer 3 may ce 

backed by a stick preventing layer (not shown) containing a 
stick preventing agent such as a silicone mold release agent, 
a fluorine resin mold release agent or a phosphoric ester 
surfactant. 

Fig. 3 schematically illustrate the state where the 
stencil has been processed by a thermal head to form 
perforations S. in the illustrated case, the thermoplastic 
resin layer 3 is perforated with part of the porous resin 
layer 4 in each of the perforations S remaining unremoved and 
covering the perforations 5. The remaining portion of the 
porous resin layer 4 serves to control the amount of ink 
transferred from the master to a paper during the 
mimeographic printing stage, such remaining portion of the 
layer 4 can be formed by suitably adjusting the thickness of 

the layer 4. 

One preferred method (first embodiment) of 
fabricating the above heat-sensitive stencil will be next 
described. A resin for forming the porous resin layer 4 is 
first dissolved, completely or partly, in a mixed solvent 
including a first solvent (good solvent) capable of 
dissolving the resin and a second solvent (poor solvent) 
substantially incapable of dissolving the resin and having a 
lower evaporation rate than the firs'; solvent, thereby to 
obtain a coating liquid in the form of a solution or a 
diversion. Preferably the se==nd solvent has a boiling 
point which is higher by 10-40'C than that of the first 
solvent and which is preferably 150»C or less. 

The concentration of the resin in the mixed solvent 
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solution is generally 2-50 % by weight, preferably 5-30 % by 
weight. The weight ratio of the first solvent to the second 
solvent, which has an influence upon the pore structure of 
the porous resin layer 4, is generally 40:SC- to 95;5. 
5 The thus obtained coating liquid is then applied 

over a surface of a thermoplastic resir. fils ro form a wet 
resin coating. The application of the coating liquid may be 
carried out by any desired coating method such as blade 
coating, transfer roll coating, wire bar coating, reverse 

10 roll coating or gravure coating. In this case, it is 

preferred that the coating liquid immediately before being 
applied be heated at a temperature higher then that of the 
atmosphere at which the coating step is performed and which 
is generally room temperature. Thus, when the coating is 

15 performed with a die coater, the die from which the solution 

is applied to the thermoplastic resin film may be surrounded 
by a heating jacket to which a hearing medium is fed. It is 
also preferred that coating liquid immediately after being 
applied to the thermoplastic resin film be cooled before the 

20 next drying step to a temperature lower by 2-30*C, preferably 

5-20»C, than that of the coating liquid immediately before 

being applied. 

The wet resin coating is then heated at a 
temperature below the boiling point of the second solvent but 

25 sufficient to vaporize part of the first solvent so that a 

portion of the resin precipitates. Subsequently, the coating 
is further heated preferably at 80«C or less until the 
coating is completely dried. During the course of the 
vaporization of the solvents, there are forced a multiplicity 

30 af cores. 

Examples of suitable poor and good solvents are 
shswn in Table i below. ~s shcvr., good ar.d rcor solvents 
vary with the resm to be dissolved. 
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10 



15 



20 



25 



30 




35 



Resin 
solvent (b. p. °C, 



Methanol (64. 5) 
Ethar.ol(73.3) 
Ethyl acetate (17.1) 
Acetone (56. 1) 
Methyl ethyl 

ketone P9.6) 

Diethyl ether {34. 5) 

Tetrahydrof uran 
(65-67) 

Hexane(68.7) 

Heptane (98. 4) 

Benzene (80.1) 

Toluene 1110.6) 

Xylene (139.1) 

Chloroform ( 61 . 2 ) 

Carbon tetra- 
chloride (76.7) 

water (100.0) 



*VC*1 VCA*2 PB*3 MM ANS*5 ABS*6 



poor 
poor 

good 



good gooi 
poor 




poor poor poor 
psor 

good good 

good good good 



good 
poor 
poor 



poor 



good 
poor 
poor 
poor 
good 
good 
good 

good 
poor 



poor 



good 
good 
poor 

good 

good 
good 
good 



good 
poor 

good 
poor 
poor 
good 
good 
good 
good 



good go sd 
poor poor 



poor 
poor 
good 
good 
good 
good 



poor 
good 
good 
good 
good 




*1 FVC: poly (vinyl chloride) 

*2 VCA: vinyl chloride-vinyl acetate copolymer 
*3 PB: polybutylene 
*4 PS: polystyrene 

*S AKS: acrylonitrile-styrene copolymer 

*6 AB5: acrylonitrile-fcutadiene-styrene copolymer 

*~ MAR: methacryli= resin 
*8 PVA: poly (vinyl acetate) 
+ c P£ i pclycarbon&t e 
*10 AC: acetylcellulose resin 
*11 AR: acrylate resin 
*l£ YB: polyvir.yl-tutyral 
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Table 1 (continued) 

MAft*7 ?VA*8 PC* 9 AC*10 AR*ll VB*12 | 



10 



IS 



20 



25 



30 



35 



Methanol (64.5) 
Ethanol(78. 3) 
Ethyl acetate {77 . 1) 
Acetone (56. 1) 
Methyl ethyl 
ketone (79. 6) 
Diethyl ether (34. 5) 
Tetrahydrofuran 
(65-67) 

Hexane(68.7) 

Heptane (98. 4} 

Benzene (80. 1) 

Toluene (110. 6) 

Xylene(l39.1) 

Chloroform (61. 2) 

Carbon tetra- 
chloride (76.7) 

Water (100. Oj 



— 


good 


poor 




^ WW *. 


good 


- 


poor 


poor 




pOvI 




good 


good 


poor 


gooo 




aood 


good 


good 


poor 




a Bfld 


aood 


good 


good 


poor 


good 


- 


good 


— 


poor 








poor 


good 




good 


good 




good 


poor 


poor 


poor 


poor 


poor 


poor 


poor 


poor 


poor 


poor 


poor 


poor 


good 


good 


good 




good 


poor 


good 


good 


good 


poor 


good 


poor 


good 


good 


good 


poor 


good 




good 


good 


good 


good 


good 








good 


poor 






poor 


poor 


poor 


poor 


poor 


poor 



in a second embodiment, the heat-sensitive stencil 
according to the present invention may be prepared as 
follows. First, a soluticn of a resin for the porous resin 
layer in a first solvent is prepared. The solution is 
applied over a surface of a thermoplastic resin film to form 
a wet resin coating over the surface. Then, vapors or fine 
droplets of a secor.d solvent substantially incapable of 
dissolving the resin are sprayed over the we: resin coating 
so that the second solvent is tefcen into the wet resin 
coating to cause a portion of the resin to precipitate. 
Thereafter, the resin coating is heated to dryness. The 
first and second solvents are similar to those described 
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above, in rhe second embodiment, the size and number of 
pore, may be controlled by the amount and ^ U '^^ 
the droplets of the second solvent. It is preferred that the 
thermoplastic resin film be previously applied with a spra, 
of the second solvent before being applied wxth the solve*. 
solution of the resin, since the contact area between the 
resulting porous resin layer and the thermoplastic 
is decreased and, therefore, the stencil can be more easily 

perforated by a thermal head. 

If desired, the above first and second methods ma, 
be combined for the fabrication of the stencil according to 

the present invention. m a 
The following examples will further illustrate the 

present invention. Parts are by weight. 

Example 1 

fcolyvinyl-butyral (softening 

* . 4 parts 

point: 87*C) * m 

-,o^v 35.5 parrs 

Bthanol {b.p. 19.3*C) r 

11.5 parts 

Water (b.p. 100-0 C) 

The above composition was stirred to dissolve the 
resin in the mixed solvent and allowed to quiescently stand 
to remove foams. The solution was then uniformly applied^ 
a biaxially stretched polyester film (thickness: 3. P with 
a wire bar at a temperature of 30'C and a relative humidity 
of 90 %, thereby to form a wet coating having a *P<«"^ 
amount of 7.0 g/cm* (on dry basis,. This was ^ 
as such for 1 minute and then placed in a drying chamber at 
50 «C for 2 minutes to dry the coating. The dried coating was 
a porous layer whose surface was as illustrated in «• * 

liquid containing a silicone resin and a canonic antisrati. 
a? ent was applied on the back side of the polyester film 
opposite the porous layer and dried to form a stick 
preventing layer having a deposition amount of 0.05 g/m , 
: h erebv obtaining a heat- sensitive stencil A-l according e. 
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the present invention. 
Example 2 



A heat-sensitive stencil A-2 was prepared in the 
sa me manner as described in Example 1 ^ ^ 

following condition was substituted for thayf Example 
Polyvinyl-acetal %& 
Ethanol (b.p. nd.i'C) 



Water (b.p. 100. 0°C) 



5 parts 



3 parts 



Example 2 

Cellulose acetate butylate 

(softening point: 83 C> 
Methyl ethyl ketone (b.p. " >>«" 

The aoove composition was .tarred to dissolve the 
resin in the solvent end allowed to quiescently " 
— fMU . The .option .we. then ^ o- y 1 -d t . . ^ 

bi.ri.ily .tretched ^^««/ 0 ^'^^'.Uv hnLdlty of 
wire bar at a temperature of 30 C and a rei« 
90 % thereby to form a wet coating having a deposition 
luntoA ..„-> (on dry basis,. dt.pl ."of 

„.„ .Ptayed fox 15 second, from wrtdiff.. 
.manufactured by Hltaohi Inc.l over the eutf.ee 
coating placed at a die.ance 10 * away free, the 
Thi. wae allowed to stand e. such for 1 ..mute end then 
placed in a drying chamber at 50'c for 2 mrnute. 
coating. Th. dried coating wae a P»rous l.yer. A Irgurd 

.nteinin, a silicon, re.in and a cationlc ent etetic 
w.s applied on the beck aid. of th. polyester frlm oppo.rte 
the P»ro« l.yer end dried to for» . stick pr.v.ntxng l.yer 
levin, . deposition eneunt of 0.05 ,/m*. thereby obt.inrn, a 
h .at-sen.ltiv. .t.ncil A-3 ace.rdin, to the present 
invention. 
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A heat-sensitive stencil A-4 was prepared in the 

same manner as described in Example 3 except that the 

following composition was substituted for that of Example 3. 
5 Vinyl chloride-vinyl acetate copolymer 

(softening point: 83 °C) 3 P arCS 

Methyl ethyl ketone (b-p. 19. **C) H P« ta 

Methanol (b.p. 64.5°C> 9 P artS 

10 Example 5 

Polyvinyl-butyral (softening 

point: 87'C, 4 
Methanol (b.p. 64.5'C) 336 * ar " 

water (b.p. lOO.O'O 2 ' 8 

The above composition was stirred to dissolve the 
resin in the mixed solvent and allowed to quiescently stand 
to remove foams. The resin solution was then uniformly 
applied to a biaxially stretched polyester film < thickn " S ; 
2 .0 urn) with a wire bar at a temperature of 20'C, thereby to 
form^ wet costing having a deposition amount of 7. ./«* C- 
dry basis) . This was allowed to stand as such for 15 seconds 
and then placed in a drying chamber at 50 "C for 1 minute to 
dry the coating. The dried coating was a porous layer. A 
liquid containing a silicone resin and a cations 
agent was applied on the back side of the polyester film 
opposite the porous layer and dried to form a stick 
preventing layer having a deposition amount of 0.05 g/m . 
thereby obtaining a heat-sensitive stencil A-5 according to 
the present invention. During the coating of the resin 
solution, the temperature on the surface of the polyester 



15 



20 



25 



30 



35 



t w**- * 

film was measured with a thermometer (Digital Surface 
Thermometer Ty?e s manufactured by Anritsu Inc. 5 . -he 
results are shown below: 

Temperature of the atmosphere in which 
the coating was carried out: 
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Temperature of the resin solution 

immediately before application: 20°C 
Temperature of the resin solution 
on the film immediately after 
S application: - ^ 

* temperature drop due to evaporation 
of the solvent 

Example 6 

20 Example S was repeated in the same manner as 

described except that the application of the resin solution 
onto the polyester film was carried out using a die coater 
equipped with a heating jacket under the conditions shown 
below, thereby obtaining a heat-sensitive stencil A- 6. 
IS Temperature of the atmosphere in which 

the coating was carried out: 20 * c 

Temperature cf the resin solution 

immediately before application: 25°C 
Temperature of the resin solution 
20 on the film immediately after 

application: 22 p c* 

* temperature drop due to evaporation 
of the solvent 

25 Example 1 

Polyvinyl- but yral (softening 

point: 87 # C) 4 parts 

Ethanol (b-p. 78.3°C) 35-5 parts 

Water {b-p. 1C0,0°C) parts 
2: Needle-like magnesium silisats 0.8 part 

The above composition was mixed with a ball mill to 
obtain a dispersion. The dispersion was then uniformly 
applied to a biaxially stretched polyester film (thickness: 
1 , 5 vuro with a wire bar, thereby to form a wet ccating having 
35 a deposition amount of 7,0 g/cm 1 ion dry basis). This was 
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placed in a drying chafer ar 50'C for 3 minutes to dry the 
coating. The dried coating was a porous layer. A liquid 
containing a silicone resin and a cationic antistatic agent 
«as applied on the back side of the polyester film opposite 
the porous layer and dried to form a stick preventing layer 
having a deposition amount of 0.05 g/*», thereby obtaining a 
heat-sensitive stencil B-l according to the present 



invention. 
10 Example 8 



A heat-sensitive stencil B-2 was prepared in the 
same manner as described in Example 7 except chat the 
following composition was substituted for that of Example 7. 

, 4 parrs 
Polyvinyl-acetal 

Ethanol (b-p. 78.3-C) 36 parts 

Water (b.p. 100. 0«C) 26 * art5 

Platy magnesium silicate (talc) 0.8 part 



Example 9 

20 A heat-sensitive stencil B-3 was prepared in the 

same manner as described in Example 7 except that the 
following composition was substituted for that of Example 7. 

4 parts 

Polycarbonate 

Polyvinyl -butyral 2 " 2 parts 

25 Tetrahydrofuran 56 P arts 

Ethanol (b.p. 78.3«C) 7 ■ 6 P artS 

Potassium titanate whisker °- e P art 

Example 1C 

30 A heat-sensitive stencil 3-4 was prepared in the 

same manner as described in Example 7 except that the 
following composition was substituted for that of Example 7. 
The surface of the porous resin layer of the stencil B-4 is 

illustrated in Fig. 5. 
35 vinyl chloride-vinyl acetate copolymer 
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(softening point: 78 c> 
. 4 parts 

Sepiolite * 

Acetone <b.p. 56.1'0 20 partB 

Ethanol (b.p. 78.3»C) 8 

5 

Example 11 

A heat-sensitive stencil B-5 was prepared in the 
same manner as described in Example 7 except that the 
following composition was substituted for that of Example 7. 
10 Cellulose acetate butylate 

(softening point: 152'C) 3 * arts 

w cr i »ri 20 parts 

Acetone ib-p. £*-l c » 

Water (b.p. 100. 0 a c) s P atts 

0.3 part 

Silica powder 

15 

Example 12 

A heat-sensitive stencil B-« was prepared in the 
same manner as described in Example 7 except that the 
following composition was substituted for that of Example 7. 
20 polyvinyl-butyral 

(softening point: 87"C) « P arts 

Ethanol (b.p. 78.3«C> P arts 
Water (b.p. 100.0*0 n - 5 * artS 

Acrylic acid-styrene copolymer 
25 (softening point: 65°C> P art 

Titanium oxide (rutile) °- 8 P art 

Comparative Example i 

Cellulose acetate butylate 
,n -softening point: 131*CJ 15 P« ts 

Methyl ethyl ketone (b.p. 7*.5*0 5 parts 

The above composition was stirred to dissolve the 
resin in the solvent and allowed to quiescently stand to 
remove fc*ms. The solution was then uniformly applied to a 
fciaxially stretched polyester film (thickness: 3.5 „»] with a 
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wire bar at a temperature of 20°C and a relative humidity of 
60 %, thereby to form a wet coating. This was allowed to 
stand as such for 1 minute and then placed in a drying 
chamber at 50 °C for 2 minutes to dry the coating. A liquid 
containing a silicone resin and a cationic antistatic agent 
was accLied on the back side of the polyester film opposite 
the dried layer and dried to form a stick preventing layer 
having a deposition amount of 0.05 g/m 2 , thereby obtaining a 
heat-sensitive stencil C-l. 

Comparative Example 2 

A paper formed of natural jute {Manila hemp) fibers 
and synthetic fibers was bonded with an adhesive to a 
biaxially stretched polyester film (thickness: 3.5 urn), 
thereby obtaining a heat- sensitive stencil C-2. 

Comparative Example 3 

A heat-sensitive stencil C-3 was prepared in the 
same manner as described in Comparative Example 1 except that 
the following composition was substituted for that of 
Comparative Example 1. 

Acrylic acid-styrene copolymer 
(O/W emulsion/ resin content: 43 %; 
softening point: 47 *C) 16 5> artB 

Water (b-p. 100. 0°C) 33 P arts 

Colloidal silica (average particle 

diameter; 0.015 urn) 3 P a * ts 

Comparative Example 4 

A liquid containing a silicone resir. and a cationic 
antistatic agent was applied on one side of a biaxially 
9t:s -» S d polyester film thickness: 3.5 um> and dried to 
form a stick preventing layer having a deposition amount of 
2.C5 = ~ : . thereby obtaining a heat-sensitive stencil C-4. 
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Comparative Example S 

A liquid containing a silicone resin and a cationic 
antistatic agant was applied on one side of a biaxially 
stretched polyester film (thickness: 7,0 >im) and dried to 
5 form a stick preventing layer having a deposition amount of 

0.05 g,'ro 2 , thereby obtaining a heat-sensitive stencil c-5. 

Each of the heat-sensitive stencils to A-6, B-l 
to B-6 and C-l to C-5 was measured for (a) the air 
permeability at various open ratios S 0 /S? of 0.2-0,8 (S 0 and Sj 

1C are as defined previously), <b) percentage 31 of the total 

area of the openings having an equivalent diameter of at 
least 5 jim relative to a total area of the surface of the 
porous resin layer, and (c) percentage S2 of the total area 
of the openings having an equivalent diameter of at least 5 

15 jim relative to a total area of the openings in the manner 

described previously. The results are summarized in Table 2. 



Table 2 

stencil S 0 /s P (%) Air Permeability si {%) S2 (%) 
20 (cmVcm 2 *sec] 



a-1 21 15 47 73 



25 

A-2 22 3 3 38 



21 


15 


32 


32 


48 


SO 


63 


€5 


78 


82 


22 


3 


35 


8 


51 


14 


66 


24 


81 


34 


20 


4 


3-» 


9 


45 


14 


S3 


20 


77 


26 



A-3 20 4 85 45 
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Table 2 (continued) 



Stencil 3 0 /S P (%) Air Permeability si (%) s2 (%) 

(ca > a /cip 2 'ae e) ^ 

2 53 



& 

•5 


4 


20 


136 






26 


140 






45 


152 






58 


163 






78 


175 


ID 


a- * 
A™ 3 




19 






38 


26 






53 


34 






67 


46 






83 


53 


15 

J* W 




21 


9 






38 


18 






52 


28 






67 


37 






82 


46 


£ U 




24 


23 






32 


34 






46 


42 






69 


72 






87 


85 


25 


B-2 


22 


0.3 






34 


2.4 






51 


4 






66 


8 






82 


14 


30 




21 


124 






36 


142 






£1 


164 






66 


183 






82 


200 



35 



52 S9 



58 93 



S3 78 



41 



15 S5 
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Table 2 (continued) 



10 



15 



20 



25 



Stencil 8o /Sp (%) Air Permeability Si (%) S2 {%) 



(cmVcitt 2 * sec) 


B-4 


£ J. 


134 






147 






155 




b / 


167 




0 X 


177 


B-5 


^ y| 

24 


6 

w 










53 


15 




DP 


22 




83 


28 


S-6 


20 


43 




32 


49 




45 


56 




62 


62 




77 


70 


C-l 


30 


0.8 


C-2 


50 


220 


C-3 


10 


0.05 


C-4 


25 


300 


C-5 







58 



87 44 



60 99 



Each of the heat-sensitive stencils A-l to A- 6, B-l 
to B-6 and c-l to c-5 was further measured for bonding 
strength, flexural rigidity, perforation sensitivity, print 
uniformity and ink srain. The test results are summarized xn 
30 Table 3 and the test methods are shown below. The 

preparation of printing masters and mimeographic printing 
usina same in these tests were carried out using a 
commercially available printer IVT3820 manufactured by Ricoh 
company Led.) and an ink fVT*00 II manufactured by Ricoh 
35 Company Ltd., viscosity at 20°C: 153 poise). 
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52£Si£LS! S 9 ^-Pla«ic „sin 

• resin layer in the case of tne 

film and the support {porous resin iay 

present invention) is measured by perforating e sample 
Pencil With * thermal head to see whether or not the support 

"separated fro, the thermoplastic resin film. Evaluation 
is made according to the following ratings: 
A: no separation 
B: slight separation 
C: significant separation 

Flexural r igidity 

— rt^i rigidity is -««~* «"» OI 

Stiff... Test.r. A .t-.il h.vi., . fl««»l rig^t, f 
less th«. S ns i. ill-suited for actual u... 

th.r»l h..d. ,« t or.ti.n s.nsitivity is .v.lu«.d ..c.rdin, 

to the following ratings: 

A- completely normally perforated 
2Q B : completely perforated but diameters are 

reduced 

C: not completely perforated 
p: hardly perforated 

Print Uniformity , 

— T^t, obtained using sample stencils are compared 

with those obtained using a commercially ^^^^ 
( VT2 Master manufactured by Bicoh Company Ltd.) with respect 
(vtz nastei , variation. Evaluation is 

to absence of blurs and of density variation 
made according to the following ratings: 
A: much superior 
B: slightly better 
somparable 
inferior 

Prints obtained using sample stencils are compared 
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Ink Stain 
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with those obtained using a commercially available stencil 
(VT2 Master manufactured by Ricoh Company Ltd.) with respect 
to absence of ink stains on both aides thereof. Evaluation 
is made according to The following ratings: 

A: much superior 

B: slightly better 

C: comparable 

D: inferior 

Table 3 



Stencil Bonding F'.exural Perforation Print ink 

Strength Rigidity Sensitivity Uniformity Stain 
(mN) . . — 



15 A-l B 15 

A- 2 B IS 

A~3 B 16 

A-4 A 19 

A-3 A 1* 

20 A-6 A 17 A 

B-l B 26 B 



B B B 

C C A 

B C B 

C B C 



A A A 

A A 
B B 



B-2 B 30 

B-3 B 34 

B-4 A 28 

25 B-5 A 32 

B-6 A 29 



C c A 

C B C 

C B C 

B C B 

A A A 



C-l A 



10 B B 



C-2 A 90 D C 

C-3 B 



20 C-4 B 
C-5 B 



- C D 
I A C 
S D 2_ 



No porous resin layer is formed in stencil of 
comparative examples. In the case of stencil C-5, the fill 
was too thick to be perforated. The stencil C-4 had so smell 
35 stiffness that it was difficult to automatically transfer the 
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stencil in the printer. 
Example 13 

Examples 1 and 2 were repeated in the same manner 
5 as described except that the deposition amount of the porous 

resin layer was varied. Each stencil was perforated and 
subjected to mimeographic printing and also measured for the 
flexural rigidity. The relationship between flexural 
rigidity and image density is shown in Fig. 6. The curves 
10 A-l and A-2 are the results of the variation of Examples 1 

and 2, respectively. 

Example 14 

Examples 7 and 8 were repeated in the same manner 
15 as descried except that the. amount of the filler was varied. 

Each stencil was perforated and subjected to mimeographic 
printing and also measured for the flexural rigidity, the 
relationship between flexural rigidity and image density is 
shown in Fig. fi. The curves B-l and B-2 are the results of 
20 the variation of Examples 1 and 8, respectively. 

As will be appreciated from the results shown in 
Fig. 6, the image density is little changed by increasing the 
stiffness by increasing the amount of the filler. On the 
other hand, the image density decreases by increasing the 
25 stiffness by increasing the thickness of the porous resin 

layer. . _ . _ 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
there-c-e to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
<-di=eted bv the appended claims rather than by the foregoing 
description, and all the changes which come within the 
r.eanir.g and range of equivalency of the claims ere therefore 
35 intended to be embraced therein. ~ 
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What Is claimed la ; 

j. a heat-sensitive stencil comprising a thermoplastic 
resin film, and a porous resin layer formed thereon, said 
stencil having an air permeability in the range cf 1-0 
cm 5 /cm 3 -sec to 157 cm 3 /;* 2 - see in a portion thereof when said 
thermoplastic resin film of said portion is perforated to 
form perforations providing an open ratio s 0 /s, of at least 
0.2, wherein S 0 represents a total area of said perforations 
and S* represents the area of said portion. 



2. A heat-sensitive stencil as claimed in claim 1. 
wherein said porous resin layer has pores exposed to a 
surface thereof to form a multiplicity of openings, wherein 

15 at least part of said openings has an equivalent diameter of 

at least 5 urn, said equivalent diameter being defied as a 
diameter of a circle having the same area as that of the 
corresponding opening, and wherein the total area of said 
openings having an equivalent diameter of at least 5 urn is 4- 
80 % of a total area of said surface of said porous resin 
layer. 

3. A heat- sensitive stencil as claimed in claim 1, 
wherein said porous resin layer has pores exposed to a 
surface thereof to form a multiplicity of openings, wherein 
at least part of said openings has an equivalent diameter of 
at least 5 urn, said equivalent diameter being defined as a 
diameter of a circle having the same area as that of the 
corresponding opening, and wherein the total area of said 
openings having an equivalent diameter of at least 5 um is at 
least 50 * of a total area of said openings. 

4. A heat-sensitive stencil as claimed in claim 1, 
wherein said porous resin layer contains a filler. 



35 
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5 A heat-sensitive stencil « claimed in claim 4, 
wherein said filler is in the form of needles or plate.. 

6. A heat-sensitive .stencil as claimed in claim 1. and 
5 having a flexural rigidity of 5-200 inN. 

7 A heat- sensitive stencil as claimed in claim 1, 
wherein said porous resin film includes a resin having a 
softening point of 150*C or less. 

10 8. A heat-sensitive stencil as claimed in claim 1, 

wherein said porous resin laye* has such a thickness that, 
when said thermoplastic resin film is perforated to form 
perforations providing an open ratio S./S where s e and S, are 

15 L defined above, of 0.2-0.6, at least part of saxd porous 

resin layer in each of said perforations remains 
imperforated. 

9. A method of preparing a heat- sensitive stencil, 

20 comprising the steps of: solven t including 

(a) dissolving a resin in a mixea soxvenv 

a first solvent capable of dissolving said resin, and a 
second solvent substantially incapahle of di-oWxng saxd 
resin and having an evaporation rate lower than that of said 
, 5 first solvent, thereby to obtain a coating liquid.- 

(b) applying said coating liquid over a surface of 
a thermoplastic resin film to form a resin coating; and 

<c> heating said resin coating to dryness. 

30 10. A method as claimed in claim 9, wherein said 

coating liquid immediately before being applied ,s heat-d at 
a temperature higher than that of the atmosphere et whxon 
step (b) is performed. 

35 u. A method as claimed in claim 9, wherein said 
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coating liquid immediately after being applied is cooled 
before step (c) . 

12. A method of preparing a heat-sensitive stencil. 

comprising the steps of: 

(a) applyin? a solution of a resin in a first 
solvent over a surface of a thermoplastic resin film to form 
a wet resin coating over said surface; 

(b) spraying vapors or fine droplets of a second 
5 olvent substantially incapable of dissolving said 

said wet resin coating so that said second solvent is taken 
into said wet resin coating to cause a portion of said resin 

to precipitate; and 

(c) heating said resin coating to dryness- 

13. A method as claimed in claim 12, wherein said 
second solvent has an evaporation rate lower than that of 
said first solvent. 

14. A method as claimed in claim 12, wherein said 
second solvent is water or an aqueous alcohol. 

15. A heat-sensitive stencil comprising a thermoplastic 
resin film having a thickness of 0.5-10 um, and a porous 
resin layer formed on said thermoplastic resin film and 
having an open cellular structure, said porous resin layer 
having pores with an average pore diameter of 2-SO um, a 
thickness of 5-100 um and a density of 0.1-1 g/em'. 

IS. A heat-sensitive stencil as claimed in claim 15, 
wherein said porous resin layer contains a filler. 

17. A heat-sensitive stencil as claimed in claim 15, 
wherein said filler is in the form cf needle or plates. 
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18. A heat sensitive stencil as claimed in claim 1 5, and having a flexural 
rigidity of 5*200 mN. 

19. A heat-sensitive stencil as claimed in claim 1 5. wherein said porous resin 
5 layer Includes a resin having a softening point of 150°C or less. 

20. A heat-sensitive stencil, substantially as herein described with reference 
to the accompanying drawings and examples. 

10 

21. A method of preparing a heawensitive stencil, substantially as herein 
described with reference to die accompanying drawings and examples. 
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